Introduction
Giant cell tumors (GCTs) are rare lesions that develop in the epiphyses of long bones in the extremities. They are exceptional lesions when they occur in the skull, and then are usually found in the sphenoid or temporal bones. GCTs are considered benign lesions. Their adverse effects are usually the result of compression, often causing cranial nerve deficits relative to their position. It is uncommon for these lesions to invade dura or brain. However, even in these cases where GCTs appear to be more 'aggressive', gross total resection is curative. Several cases with substantial follow up have described gross total resection to be adequate for cure. Here we describe the case of a patient that presented with a large GCT that was invasive to the dura, temporal lobe, as well as the third division of the trigeminal nerve. To date, gross total resection has been curative. The patient has not undergone radiation therapy.
Case Report
A 44 year-old woman initially saw her primary care physician for right ear pain and fullness in April 2010. She was treated with antibiotics and steroids, but an effusion persisted. In May, she saw an audiologist who noted mild conductive hearing loss on the right, and, subsequently, a right tympanostomy tube was placed. After this, nearly a year passed and the patient began to notice significant hearing loss in her right ear. She was referred to a community otolaryngologist, and, on examination, a small mass was noted in the right external auditory meatus (►Fig. 1A). Computed tomography and magnetic resonance (MR) imaging of the brain and temporal
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Abstract
Giant cell tumors (GCTs) are rare, usually affecting the epiphyses in long bones of the extremities. They seldom occur in the skull, where they preferentially affect the sphenoid and temporal bones. Considered to be benign, locally aggressive lesions, they may cause cranial nerve deficits by compression but infrequently invade the dura and parenchyma of the brain. Several case reports with follow-up describe gross total resection of skull base GCT to be curative. Anything short of total resection usually results in recurrence within 4 years. Radiation therapy, although controversial, is reserved for lesions that cannot be completely resected. Some argue, however, against the use of radiation because there are reported cases of malignant transformation. Here we describe the case of a large GCT that was invasive to the dura, temporal lobe, as well as the third division of the trigeminal nerve, and to date gross total resection has been curative of this lesion. The patient has not undergone radiation therapy.
bone were performed (►Fig. 1B-D), and she was then referred to both the ears, nose, and throat (ENT) and neurosurgery departments at our institution in early July 2011. The patient underwent biopsy of the lesion from the external auditory meatus (EAM) a few days later that revealed giant cell tumor. Surgical excision was scheduled involving both the ENT and neurosurgery departments.
Examination
At the time of surgery, the patient had no focal motor deficits, and her only sensory deficit was decreased hearing in the right ear. Audiology reports revealed moderate conductive hearing loss on the right with a speech reception threshold of 35 dB in the right ear and 25 dB in the left ear. Word recognition was 100% bilaterally when confronted with slightly lower than normal conversational speech. There was no pathologic adenopathy identified, but there was fullness and tenderness over the right temporomandibular joint. There was excursion and drift of the mandible to the left and a cross-bite deformity.
Operation
Initially, a tracheostomy was performed with the patient supine and, after securing a number 6 Shiley tracheostomy tube in place, the patient was positioned left lateral with the right side of the head facing upward and the vertex of the head slightly down. A right-sided postauricular infratemporal approach was made to the skull base. The skin flap, incised to the temporalis facia, was rotated forward. To facilitate this, the external auditory canal was transected and oversewn, and the facial nerve was identified and dissected from the parotid gland. The frontal branch had to be completely dissected and mobilized inferiorly with a cuff of the temporalis facia to gain adequate exposure to the zygoma and root. An osteotomy of the zygoma was made at the malar eminence anteriorly. Posteriorly, the zygoma was left intact, as a part of the specimen, because the root was heavily involved with tumor. The temporal muscle was incised below the superior temporal line and reflected posteriorly to gain exposure to the squama for a subtemporal craniectomy. Next, a subtotal petrosectomy was performed to expose the intratemporal seventh nerve distal to the geniculate ganglion, identify and control the sigmoid sinus, and obtain negative bone margins at the zygomatic root. The roof of the glenoid fossa was also exposed.
At this stage, a subtemporal craniectomy was performed, and the floor of the middle fossa was resected as far medially as the foramen ovale. The tumor could be seen entering the dura, and a durotomy was made lateral to this point. Intradurally, the tumor was clearly invasive and adherent to the brain, so, microscopically, the lesion was resected down to normal-appearing white matter at all margins. The dura was resected medially to the lateral pterygoid plate. Grossly, the tumor involved the third division of the trigeminal nerve, which was sacrificed at the foramen ovale.
Finally, the roof of the glenoid fossa was mobilized and an osteotomy was made in the mandible at mid-ramus, resecting the condyle, the coronoid, and the temporomandibular joint. After dissecting and mobilizing the infratemporal portion of the tumor, the upper mandible, glenoid, a portion of the floor of the middle fossa, and the tumor were removed en bloc. The dura was repaired with a dural substitute and sealed with a polyethylene glycol-based sealant (►Fig. 2A).
Postoperative Course
The patient tolerated the procedure well and was taken sedated to the neurosurgical intensive care unit for monitoring. She was electively returned to the operating room the following day for reconstruction of the defect with a rectus abdominis free tissue transfer and split thickness skin graft. At 15-month follow-up, her MRI showed gross total tumor resection with no evidence of recurrence (►Fig. 2B-D). She had mild dullness to sensation on the right side of her face, her right seventh nerve palsy had completely resolved, and she had conductive hearing loss in her right ear due to the EAM being sewn over. She is currently considering options for rehabilitating her conductive hearing loss. She did not receive adjuvant radiation therapy.
Pathology
Histologic analysis of the biopsy specimen revealed an infiltrative lesion beneath the epidermis (►Fig. 3A). The lesion consisted of predominantly mononuclear cells with abundant eosinophilic cytoplasm. Admixed among the mononuclear cells were many multinucleated giant cells and hemosiderin pigment consistent with giant cell tumor. Throughout the lesion were many hemosiderin-laden macrophages and hemorrhage. Analysis of the resected lesion showed giant cell tumor within the right middle ear, eustachian tube, invading the bone and dura of the middle fossa as well as the adjacent temporal brain tissue (►Fig. 3B-D). Six lymph nodes were dissected from the right neck near the infratemporal region of the tumor, and these were negative for malignancy.
The overall histologic appearance did not suggest an aggressive lesion. It had characteristics of a typical GCT and therefore appeared biologically benign. No abnormal mitoses were identified, and the mitotic count was low. Features that may suggest a more aggressive lesion, such as vascular invasion, were not identified, and there were no sarcomatous changes.
Discussion
GCTs of the skull are very rare lesions. Bertoni et al reviewed 546 Mayo Clinic cases of GCT and identified 4 cases involving bones of the skull base.
1 A further review of 1500 Mayo consultation cases revealed just 11 more cases of skull GCT. These lesions preferentially arise from the sphenoid and/or temporal bones, 2,3 which may be due to the fact that the skull base and portions of the temporal bone form by endochondral ossification, rather than intramembranous ossification like other bones of the skull. This is the same process by which bone forms in the epiphyses of long bones where GCTs are primarily found. 4 The multinucleated giant cell of the GCT closely resembles the osteoclast that is prevalent in these ossification centers of long bones.
5,6
Defining cellular and molecular characteristics of more aggressive GCTs have been difficult to elucidate. Studies of GCT in long bones has shown that a higher count of mitotic figures per given field has not been consistent in identifying more aggressive lesions. In fact, Sanerkin's study of 90 GCTs revealed lesions possessing as many as 6 to 10 mitoses/mm 2 were not necessarily aggressive; nor did they recur more often. 7 However, all of the tumors possessing 10 mitoses/ mm 2 were aggressive, defined by their invasiveness and recurrence. Malignant potential also could not be consistently determined by higher mitotic rate, abnormal mitoses, or vascular invasion. In general, malignant GCTs had higher mitotic counts, but one of the defining properties of lesions with malignant metastases was sarcomatous degeneration. 7-9 Therefore, with the exception of sarcomatous change, the histologic features of a GCT often do not seem to correlate with the lesion's local aggressive nature or metastatic potential. The tumor discussed in this report was locally destructive and invaded bone, dura, and brain, but its histologic appearance was that of a standard benign GCT. Recurrence of giant cell tumors in the skull, and in long bones, seems to be directly related to the extent of resection.
3,7,10
It is not clear what molecular properties of the GCT permit it to be locally invasive or metastatic. Some lesions barely affect adjacent tissue, whereas others invade and dissolve local tissue and bone. Ueda et al showed that giant cells can express matrix metalloproteinase-9 (MMP-9), which can dissolve type IV collagen.
11 This collagen is a major structural component in the basement membranes of blood vessels. MMP-9 also has the capacity to degrade type I and V collagen, a major component of bone. Although this may allow the tumor to be locally aggressive, vascular invasion and tissue destruction alone is not sufficient for metastasis of GCT. Only 2% of these lesions are metastatic. The large rare GCT presented here was invasive to dura, brain, and the fifth cranial nerve and was treated with radical resection. We are aware of only two existing reports of invasive adult GCT.
12,13 One of these lesions was invasive to adjacent dura only and the other to dura and brain. Because portions of each of these lesions were unresectable, both were treated with partial resection and radiotherapy. Radiotherapy is recommended for tumors such as these that cannot be completely resected, for patients who cannot undergo surgery because of comorbid factors, or for patients with progressing or multiple recurrences after surgical excision. Some advocate treating patients that they feel are at especially high risk of recurrence. Nonetheless, treating GCTs with radiation is still somewhat controversial. Earlier studies reported sarcomatous malignant degeneration in some tumors that were irradiated. 3, 7, 14 It seems, however, that sarcomatous transformation occurs with similar frequency in tumors that have been irradiated, as well as those treated with surgery alone. 15, 16 More recent reports with follow-up ranging from 2 to 34 years revealed no cases of malignant transformation when using 35 Gy in 15 doses. 17 Radiotherapy should be used as an adjunct. When used as a single modality, recurrence rates of 60 to 70% have been reported. 18 The patient in this study is > 2 years out from surgery with no sign of recurrence. We believed we could achieve a gross total resection based on a thorough analysis of the lesion size, location, and invasiveness. Time will tell if resection alone is an adequate and durable treatment for this lesion.
